This paper investigates the effects of site based parameters such as ambient temperature, humidity, altitude and heat transfer characteristic of a dual pressure heat recovery system on the performance of the combined cycle power plant within an equatorial environment. The bulk heat utilization and configuration of a dual pressure heat recovery system are investigated. It is observed that the heat system configuration play a vital role in optimizing the combined cycle overall performance, which has proportionality relationship with the operating ambient temperature and relative humidity of the gas turbine. The investigation is carried out within the ambient temperature range of 24˚C to 35˚C, relative humidity of 60% to 80%, and a high level steam pressure of 60 bar to 110 bar. The results show that at 24˚C ambient temperature, the heat recovery system has the highest duty of 239.4 MW, the optimum combined cycle power output of 205.52 MW, and overall efficiency of 47.46%. It further indicates that as the ambient temperature increases at an average exhaust gas temperature of 530˚C and mass flow of 470 kg/s, the combined cycle power output and efficiency decrease by 15.5% and 13.7% respectively under the various considerations. This results from a drop in the air and exhaust mass flow as the values of the site parameters increase. The overall results indicate that decreasing the ambient temperature at optimum exhaust gas flow and temperature increases the heat recovery system heat duty performance, the steam generation, overall combined cycle power output and efficiency, which satisfies the research objective.
Introduction
The growing need of energy in modern civilization has prompted the need to optimize energy sources globally. This can be enhanced through an effective parametric evaluation of exiting plant to minimize losses, and to understand the performance rate of such system. Although gas turbine is a very satisfactory means of producing mechanical power [1] [2] , the combination of gas and steam turbines are the greatest means to generate mechanical power both for combined power generation and combined heat and power generation. Both gas and steam turbines have been successfully working in large scale to generate the electricity and steam for heating, whereas gas turbine ensures superior thermal efficiency as compared to steam turbine. The overall performance of the combined cycle power basically depends on the operating conditions of the gas turbine and the heat recovery steam generator (HRSG) configurations. According to [3] , a reduction in the ambient temperature of a gas turbine plants within the tropical environment from 31˚C to 18˚C improves the power output by about 0.78%. Many researchers focus on improving the modeling of combined cycle gas turbine (CCGT) power plant system to achieve efficient, reliable and economic power generation. Currently, commercially available generation CCGT power plants achieve total thermal efficiencies typically in the range 50% -60% based on the operating environment.
Heat recovery steam generator (HRSG) is the standard term used for a steam generator producing steam by cooling hot gases. Heat recovery system is obviously a very desirable energy source, since the product is available almost operating cost-free and increase the efficiency of the cycle in which it is placed, either for steam generation or for incremental power generation. So its performance and configuration have a great impact on the overall plant performance. We have two typical HRSG types, which are unfired and supplementary-fired. For the unfired HRSGs, we have less recovery efficiency and steam temperatures than supplementary-fired configurated HRSG [4] . In supplementary-fired HRSG, additional fuel can be sprayed into the exhaust stream to further increase efficiency and increase steam temperature to 850˚C -900˚C [5] . HRSG can have multiple stages of steam pressures and temperatures; typical configurations include single, dual and triple-pressure levels [6] . These pressure levels are termed low pressure (LP), intermediate pressure (IP) and high pressure (HP), in which case, each pressure level comprises of three heat exchangers or heating elements of economizer, evaporator, and superheater.
In the work of [7] on a novel heat-recovery process for improving the thermal efficiency of a gas turbine in electric power generation, it explains that the resultant mass flow from the evaporation of heated water into the combustion air reduces the power required to compress the air and permits better utilization of the otherwise wasted heat. Calculation of the efficiency of the system indicates 54.8%, which is better compared to an inter-cooled, steam-injected system. Reference [8] carries out a performance optimization of dual pressure HRSG in the tropical rainforest. Their work shows that increasing the exhaust gas temperature from 490˚C to 526˚C and mass flow by 80 kg/s, the overall heat absorbed by the HRSG increases by 37.39%, while the steam generates increase by 19.29% and 18.18% for the low pressure (LP) and high pressure (HP) levels respectively. This shows an increase in the overall plant performance.
In the work [9] , they did a parametric analysis for a plant equipped with a gas generator and with steam injection into an after-burner placed upstream of the power turbine through a waste-heat recovery steam production and distillation plants fed by the gas turbine exhaust. A 13% improvement in plant efficiency and a doubling of the specific work output when compared with a standard gas turbine cycle with full reheat and optimal steam injection was the result. Reference [10] carried out a study on a combined cycle with advanced options namely Compressor air intercooling, water injection and reheating, including environmental and economic analysis. Their work provides a validity of methods for the development of energy system performance framework. The work of [11] revealed that a heat flow of about 42.46 MW which was otherwise being wasted in the exhaust gas of the plant was converted to 12.9 MW of electric power through steam topping plant incorporation, with a single pressure heat recovery steam generator.
In the work of [12] , the effect of operating parameters on combined cycle performance was analyse to achieved an efficient, reliable and economic power generation. They further stated that the major operating parameters which influence the combined cycle are; turbine inlet temperature, compressor pressure ratio, pinch point, ambient temperature and pressure levels. Again, [13] did performance simulation of HRSG in combined cycle power plant, discussing the effect of various parameters like pinch point, approach point, steam pressure, steam temperature, gas flow rate on the performance of the HRSG. Also [14] noted that the mass flow rate of steam and steam temperature in a combined cycle system depends on the amount of heat available in the gas turbine exhaust. And [15] observed that with increased turbine inlet temperature (TIT), the performance of HRSG and consecutively the steam turbine improves thereby, offering improvement in combined cycle performance while [16] examined the improvements in efficiency with increases in boiler pressure, turbine inlet temperature and furnace temperature.
Reference [17] did a parametric thermodynamic analysis of a combined cycle investigating the effect of operating parameters on the overall plant performance. The simulation results showed that the overall efficiency increases with the increase of the peak compression ratio. The peak overall efficiency occurs at higher compression ratio with low ambient temperature and higher turbine inlet temperature. The overall thermal efficiencies for CCGT are higher compared to that of the gas-turbine plants. The work of [18] analysed a small-scale aeroderivative industrial gas turbine using combined heat-and-power (CHP) application. Their work shows that the recuperated cycle (RC) produces the highest HRSG duty as compared to intercooled-recuperated (ICR) and simple cycle (SC). The HRSG duty was found to be 3171.3 kW for recuperated cycle (RC) which reflects on the overall plant efficiency.
The objective of this investigation is to evaluate the effects of site based parameters and heat system characteristic on the overall combined cycle power plant efficiency and power output within the equatorial environment. The parameters used in the analysis include the ambient temperature, humidity, heat duty, log mean temperature difference (LMTD), heat transfer coefficient per unit area, steam pressure, exhaust gas temperature, and mass flow. The study area is the South-South zone of Nigeria which lies between latitudes 4˚N and 6˚N, and longitude 5˚E and 8˚E. The vegetation of the area is equatorial rain forest. There are basically two seasons-the wet (April to September) and the dry (October to March). However, rain fall throughout the year. The mean annual rainfall in the area is between 200 mm in the North and 400 mm in the South of the region. The mean daily temperature of the region varies slightly from 27˚C to 30˚C all the year round. The maximum and minimum temperatures are 40˚C and 20˚C respectively. The relative humidity varies between a minimum of 50% and a maximum of 90% [19] [20].
Materials and Methods
The research methods adopted involved the collection of data from the plant station for 12 months as follows: 1) Direct monitoring and measurement from the control room through the human machine interface (HMI) 2) Direct reading of design parameter from engine manual.
3) Field study of the overall plant in wet and dry season. 4) Modeling energy based (thermodynamic) relations and equation for parameters that could not be directly measured.
5) Results from the modeling equations were analysis, discussed and conclusion were made. The methodology adopted was designed to produce facts about the behavior of the plant, and to determine those factors that influence the combined cycle thermodynamic process within the equatorial environment. Hysys ® V8.7 software (Aspentech, USA) was used to process the temperature gradient across the various heat exchanging units of the HRSG at various ambient temperatures of the gas turbine. MATLAB 7.3 ® (Mathworks USA) was used to evaluate the equations. Thermodynamics properties such as temperature, pressure, mass flow, heat flow, compression ratio and turbine inlet temperatures (TIT) are crucial in this research because their behavior affect every other parameter in the analysis.
In the data collection and treatment, the mean values of daily parameters were considered by the use of statistical method.
Modeling Relations and Equations
The net power output (W net ) is the power generated by the generator and is given as
where W T is the shaft work of the turbine and is given as ( )
and W C is the compressor work given as
where m g is the mass of the product of combustion (kg/s), c pg is the specific heat capacity of the product of combustion, T 3 is the TIT, m a is the mass of air (kg/s), c pa is the specific heat capacity of air, a ρ is density of air, a V is volume of air aspirated by the compressor, 1 T is the ambient temperature. The humidity relation gives
where φ is the relative humidity ( ) v a P P and the mass flow 1 0.622
The overall heat transfer coefficient U can be determined by the equation 
where T gi is the exhaust gas temperature into the HRSG elements (˚C). T ge = Exhaust gas temperature out of the HRSG elements (˚C).
T wi = Temperature of feed water/steam into the HRSG elements (˚C).
T we = Temperature of feed water/steam out of the HRSG elements (˚C). The Heat Duty of the HRSG heating surfaces are evaluated using the equations
where K signifies , ,
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LP LP LP respectively and R signify HP and LP respectively. The steam generation can be evaluated using the equations
The steam turbine work can be evaluated using the equation
The condensate from the condenser is extracted by the pump and is raised to the economizer pressure. The corresponding work is given by
Therefore the net power output for the steam turbine is given by
The efficiency for the steam turbine is evaluated using the equation
The overall thermal efficiency for the combined power plant is
Results and Discussion
The parameters in Table 1 were obtained from the installation manual of GT13E2 Gas Turbine, HRSG and Steam Turbine plant. The turbine measured operational parameters is indicated in Table 2 . The effect of the gas turbine ambient conditions on the HRSG heat transfer performance is presented in Table 3 , while the steam pressure effects on steam generation is presented in Table 4 . The effects of ambient temperatures, humidity, steam pressure, and HRSG heat duty characteristic on the combined cycle overall performance in term of power output and efficiency is presented in Table 5 . Figures 1-3 present the effects of the ambient conditions on the turbine system key parameters such as the compressor exit temperature, turbine inlet temperature, power out and thermal efficiency of the plant. Figure 2 specifically show that there is a fall in the power output of about 2.16% for every 1˚C rise in the ambient temperature. This means that if a gas turbine operated at an average temperature of 30˚C instead of 15˚C used at design stage, there will be a fall in power output of 27.7 MW for a gas turbine design to generate 160 MW at 15˚C ISO condition. Also there is a rise in the percentage power drop of 1.32% for every 1˚C rise in the ambient temperature. This indicates that the % power drop increase wise increase in the ambient temperature. This accounted for one of the reason for power output losses within the tropical rainforest. The thermal efficiency of the turbine show similar trend, in that for every 1˚C rise in the ambient temperature, the % thermal efficiency drop is 2.16% as indicated in Figure 3 . Figure 4 show that for every 1˚C rise in ambient temperature at a simultaneous decrease in the exhaust gas flow and temperature, the HRSG heat duty drop by 6.66%, while the heat transfer coefficient per unit area decrease by 12.25%. This means that the heat transfer performance of the HRSG increases with decrease in the ambient temperature, when the gas turbine has better performance. At 24˚C ambient temperature, the LMTD performance evaluation of the HRSG gave an optimum value, showing better heat transfer performance of the HRSG. It further revealed that for at 24˚C ambient temperature, any increase in the steam pressure by 1 bar increases the steam generation by about 0.69% and 0.77% for the HP and LP levels respectively. At 30˚C ambient that beyond the steam pressure of 100 bar, there is a gradual decrease in the overall power output. Figure 5 revealed that at an ambient temperature of 24˚C and Humidity of 70%, the steam generated in the high pressure section of the HRSG increase progressively over the steam pressure range. This implies that a better performance is reached by the steam cycle.
Figures 6-8 present the effects of the site parameters on the total heat rate, steam turbine efficiency and combined cycle efficiency at different steam pressure. Figure 6 further shows that the combined cycle total heat rate increases by about 0.004% at 24˚C ambient temperature, 0.008% at 30˚C ambient temperature, 0.014% at 33˚C ambient temperature and 0.015% at 35˚C for every 1 bar rise in the steam pressure under the various consideration. This means that as the ambient temperature increases, the plant overall heat rate also increases in diverse proportion. At 33˚C ambient temperature, there was a sharp increase in the steam turbine efficiency as the steam pressure increase by 10 bar as shown in Figure 7 . Figure 8 revealed that at 24˚C ambient temperature the combined cycle power output increase by 0.26% for every 1 kg/s rise in the steam flow, while at 30˚C ambient temperature, the combined cycle power output increase by 0.20% for every 1 kg/s rise in steam flow. At 33˚C and 35˚C ambient temperatures, the combined cycle power output increases by 0.19% and 0.17% respectively for every 1 kg/s rise in steam flow. Figure 9 and Figure 10 show that the combined cycle overall efficiency decreases progressively as the total heat rate of the system increases. This implies that at optimum performance of the HRSG, where effective heat exchange occurs and steam generation is improve, the cycle performance better.
The overall results show that as the steam flow increases with increase in steam pressure at favourable ambient conditions, the combined cycle power output increase also. But further increase in the ambient temperature to an average of 31˚C shows a fall in the plant overall power output. The results were validated with the works of [21] [22], which show the effects of heat recovery system on the overall performance of combined cycle power plant.
Conclusion
It may be pertinent to state here that though much of the data collected are obtained from the performance records of the GT13E2 Gas Turbine located within the tropical environment, the results of this investigation can be applied on similar power plant elsewhere. From the data analysis, it can be generally said that the climatic condition is peculiar to the tropical zone. This particular area of the study has a mean daily value of about 30˚C which varies only slightly on both sides of this value as against the general design ambient temperature of 15˚C. The investigation reveals the percentage influence of the various gas turbine operating parameters and heat recovery property on the overall plant output. This assessment will actually aid concerned engineers, operators and product developers on understanding key parameters that influence the combined cycle performance with regard to geographical location. It provides technical and operational guide on the need to modified designs or augment the plant for optimum performance.
